After whole organ transplantation, donor bone marrow-derived cells migrate out of the graft into the recipient, leading to establishment of chimerism, which is the first step towards the subsequent induction of donor-specific tolerance. In routine immunohistochemical staining, mono clonal antibodies specific for heterotopic MHC alleles are used to identify donor and recipient cells. However, it is difficult to detect these cells using this technique in longterm allograft recipients who have a persistently low donor cell population (microchimerism). Because Interferon-gamma (IFN-7) is known to induce expression of MHC class I and class II cell surface molecules, we used this cytokine 12-48 h before sacrifice, to facilitate the identification of donor and recipient cells in the tissues of animals transplanted with ei ther liver (B10 -> C3H) or bone marrow (LEW -> BN). In long-term allograft recipients, the use of IFN-7 for as briefly as 12 h prior to sacrifice, results in marked upregulation of class I and class II antigens, leading to easy identification of ubiquitously distributed low numbers of donor cells.
INTRODUCTION

We have proposed recently that solid organ transplan tation leads to a state of mixed allogeneic chimerism with widespread migration of donor passenger leuko cytes into the recipient and a reciprocal trafficking of host cells into the transplanted organ (1). In humans, donor-specific class II-positive cells have been identified in the skin, lymph nodes, and blood of HLA mismatched recipients, 27-29 yr after renal transplantation (2), and as long as 23 yr after liver transplantation (3). In rats, under FK506 immunosuppression, donor MHC class
II-positive cells migrate out of the grafted liver into the recipient's lymphoid and nonlymphoid organs (4). Similar observations have also been made in MHC dis parate mice, where multiple lineages of donor class I and class II-positive cells were identifiable up to 375 days after liver transplantation (5).
Monoclonal antibodies directed against specific MHC haplotypes are commonly employed to pheno type and characterize donor cells in MHC mismatched chimeric recipients. However, due to dwindling donor cell population and perhaps immunomodulation of donor MHC class I and class II surface molecules, im munohistochemical identification of these cells in longterm allograft recipients becomes very arduous, and the desired result is not always achieved. To facilitate their identification, we have used Interferon-gamma (IFN-7) to augment the expression of class I and class II antigens. . Isotype-matched irrelevant mAb was used as negative control. Frozen sections were stained by an indirect avidin-biotin immunoperoxidase method as described previously (5) . Briefly, air dried sections were fixed in acetone for 5 min, endogenous biotin was blocked with sequential treatment with avidin and bi otin blocking reagent (Vector Laboratories, Inc., Burlingame, CA), and then incubated for 45 min with biotinylated primary mouse mAb. Endogenous perox idase activity was then quenched with 0.6% H 2 0 2 , and finally incubated with streptavidin conjugated per oxidase complex for 30 min (Boehringer Mannheim, Indianapolis, IN). The reaction product was developed with 3-amino-9-ethylcarbazole (AEC), and after counterstaining with hematoxylin, mounted with crystal mount (Biomeda Corp., Foster City, CA). Sections were evaluated for specific cell staining with a Nikon Microphot-FX light microscope.
INF-7 is mainly secreted by activated T cells (6) and is known to induce expression of MHC class I antigen on myocytes (7), endothelial and epithelial cells (8,9), lymphocytes (10), fibroblasts (11), and multipotent he matopoietic precursor cell lines (12). It also upregulates the expression of MHC class II molecules on endothe lial (12) and epithelial cells (13), on monocytes and macrophages (14,15), and on dendritic cells (16). The expression of class II antigen-associated invariant chain is also upregulated by IFN-7 (17). We report here the use of IFN-7 to boost MHC class I and class II ex pression on chimeric donor cells in long
MATERIAL, METHODS, AND RESULTS
In Mice
Livers from C57B1/10 donors (BIO, H-2k b , I-A b ) were transplanted into C3H (H-2k k , I-E k ) recipients by a method described previously (3). Between
In spleens of control animals (90 days > OLTx), it was very difficult to identify either donor class I (Fig. la) or class Il-positive cells (Fig. lc) . Cell stain ing was frail, and the frequency of weakly stained do nor cells was very low. Additionally, donor MHC class I staining was always weaker than class II (Fig. la,c) . These findings are in accord with our earlier observa tions in rats, in which we showed that both the num ber and the intensity of staining of donor cells was low in long-term allograft recipients (4). However, 48 h after rIFN-y treatment brightly stained donor-class I ( Fig. lb) and class Il-positive cells (Fig. Id) were eas ily identified in the recipient's spleen. In addition to in tensity, the frequency of MHC positive donor cells was also markedly increased. Similar observations were also made in other lymphoid and nonlymphoid organs (data not shown). Norway (BN, RT1") recipients, which were immuno suppressed with 1 mg/kg/day of FK506 for 14 days, and once a week thereafter for 160 postoperative days. At 12, 24, and 48 h before sacrifice, animals in the ex perimental group were treated IP with a single dose of 2 X 10 7 U/kg of rIFN-y (Genentech, Inc., San Fran cisco, CA), and various lymphoid and nonlymphoid organs were harvested and processed as mentioned elsewhere (4). Control animals received BMTx and FK506, without rIFN-y. Skin and cervical lymph nodes were recovered from some experimental animals, prior to rIFN-y treatment, to serve as internal controls. In this study the mAb L-21-6 (mouse anti-rat IgG,) was used, which specifically recognizes the invariant chain of the donor MHC class II molecule, but not that of the recipient (18). Isotype-matched irrelevant primary mAb was used as a negative control. Cryosections were stained by indirect immunoperoxidase method using preformed avidin-biotin kit (Vector Laboratories, Inc.), according to a method described previously (4). The coloration was developed with AEC, counterstained with Harris's hematoxylin and mounted with crystal mount.
In Rats
x 10 8 bone marrow cells (BMTx) were trans planted from male LEW (RT1 1 ) donors to male Brown
Weakly L-21-6-positive donor cells in very low num bers were identified in the spleens of control animals given BMTx under FK506 immunosuppression (Fig. le) . However, as early as 12 h after rIFN-y treatment, strong class Il-positive donor cells were identified at a very high frequency in the recipient's spleen (Fig. If) . Similar upregulation of class II was also observed 24 and 48 h after rIFN-y treatment in the spleen and other organs of the recipient (data not shown). Furthermore, cervical lymph nodes and skin obtained from the same BMTx recipients before and after rIFN-y treatment showed marked upregulation of donor class II after but not before rIFN-y enhancement (data not shown). Additionally, treatment with supernatant from 3-day MLR cultures, which has IFN-y among other cyto kines (19) , also leads to marked upregulation of donor class II in the recipient's organs (data not shown). MHC class I and class II molecules in chimeric recipi ents, making it possible for the first time to extensively phenotype and characterize the lineages of these cells in allograft recipients. The question may be asked if IFN-7 administration is inherently immunomodulating and therefore an artifact in the system. However, the experimental endpoints are cell localization not their immunologic consequences. Presumably, the cells are in place by the time IFN-7 is administered. We therefore believe that IFN-7 treatment before sacrific ing the animals may allow a much greater delineation of the true magnitude of the so-called microchimerism in a number of experimental models. We see no way in which IFN-7 could significantly influence either the extent or constituency of chimerism because rIFN-7 treatment for as brief as 12 h can lead to MHC class II upregulation.
CONCLUSIONS
The results of these experiments show that IFN-y can be successfully used to boost the expression of both
